Aims and objectives
The present study reflects our experience with an automated attenuation-based tube potential selection protocol for contrast enhanced CT of the neck in patients referred to our department. The main objective of this study was to investigate automated tube potential selection in terms of dose and imaging quality for CT of the cervical region.
Methods and materials
The study was performed as a single-center, observer-blind study. 306 patients (median age 56; range 18-89 years) underwent CT of the neck. In 262 patients (Group 1) automated attenuation-based tube potential selection (ATPS, Care kV) was activated whereas 44 patients were examined with standard parameters and fixed tube potential of 120 kV (Group 2). The protocol settings are given in Table 1 .
Based on the adjustment of a 12-point slider tool (Fig. 1) and the scout scan ATPS selects the optimum tube potential from 80 to 140 kV and calculates the reference tube current. This tool is used to select either vascular, parenchymal or bone imaging and is designed to keep signal-to-noise ratio (SNR) balanced (Yu 2010) . In our study we decided to use the algorithm for parenchymal organs. For the estimation of radiation doses, we used the volume-weighted CT dose index (CTDIvol in mGy), the dose length product (DLP in mGycm) and the effective tube current-time product (effective mAs) from the patient protocol which is automatically generated at the end of an examination and stored in the Picture Archiving and Communication System (PACS) of our department.
As measures of image quality several region-of-interest (ROI) measurements were performed on a PACS workstation using a circle tool (Fig. 2) . Mean attenuation values (A) and standard deviation (SD) were recorded and displayed in Hounsfield Units (HU). Background noise (BN) was determined as the standard deviation of air. The measurements were performed at the level of the mandibular angle (level 1), at the level of the larynx (level 2) and the height of the upper mediastinum (level 3) on both sides and the mean was calculated. Attenuation in the internal jugular vein (JV), superior vena cava (SVC), the sternocleidomastoid muscle (SCM) and the pectoralis major muscle (PM), as well as in the surrounding fat tissue. SNR was determined according to (1) SNR = A/BN. Finally subjective image quality was rated by two experienced blinded radiologists on a 5-point Likert-scale (5 = excellent image quality, 4 = good, 3 = moderate, 2 =fair, 1 = non diagnostic). Additionally the body-mass-index (BMI) was recorded.
Statistical analyses were performed. Wilcoxon-Mann-Whitney-U-test was performed for statistical analysis. Inter-observer agreement of subjective image quality rating was assessed with Cohen's weighted kappa analysis. The correlation between patient BMI and automated kV selection was analyzed using the Spearman rank order correlation test. We considered a p-value of less than 5% to be statistically significant. 
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Results
Mean BMI in 100 kV sub-group was significantly lower than in 120 kV sub-group (24.6 kg/m² vs. 28.6 kg/m², p< 0.01, Fig.3) . A significant correlation between selected tube potential and BMI (r= 0.28, p<0.01) was found. The tube potential was reduced in Group 1 from 120kV to 100 kV in 228/262 (87%) patients and was stable at 120 kV in 34/262 (13%) patients. Comparing the overall CTDIvol and DLP between Group 1 and Group 2 a dose reduction of 26% was achieved (DLP 259±55 mGycm vs. 350±56 mGycm, p < 0.01).
BN showed no significant difference in Group 1 compared to Group 2 at levels 1 and 3. The difference of attenuation of the jugular vein and the SNR of the SCM and PM in the Care kV Group 1 compared with Group 2 reached statistical significance except at level 3. Distribution in the Care kV sub-groups showed an SNR progression with lower tube potential for the JV (p>0.01) but no statistical significance for SCM (p=0.14).
Subjective image quality in both groups was rated good without significant difference (4.56±0.5 vs. 4.61±0.5, p=0.075)). Interobserver agreement was good for both raters for Group 1 (#=0.56) and Group 2 (#=0.77). 
Conclusion
Our data showed an overall dose reduction of 26% in the ATPS Group 1 (Care kV). We found an overall reduction in radiation dose without compromising image quality, although lowering the tube potential will result in higher image noise and soft-tissue contrast but reference tube current settings can be increased, so a radiation level that is significantly lower than the standard can be reached. For objective image quality higher attenuation values are indicated but even a marginally higher BN and SNR in the level of the larynx. The dose reduction in previous studies that focused on vascular imaging (Schwarz 2013; Winklehner 2011; Goetti 2012; Eller 2013) or staging in cancer patients (Eller 2012; Gnannt 2012 ), a reduction of 11% to 40% was achieved with the use of Care kV. Automatically selected tube potentials showed a significant correlation with BMI. We can determine that in general almost 90% of the examined patients in daily routine have the opportunity of lower radiation exposure with the use of automated attenuation-based tube potential selection for CT of the neck.
In summary, we showed in our study that attenuation-based tube potential selection is a valuable tool for dose savings in daily routine when CT imaging of the neck is performed, while maintaining sufficient image quality. In every patient where the kV was lowered compared with the standard (120 kV) used before, radiation exposure was significantly lower.
